Candida species are increasingly important nosocomial pathogens in critically ill children. A 2.3-fold increase in the rate of nosocomial candidemia at our 200-bed tertiary care children's hospital prompted a study to identify risk factors for this infection. Twenty-six cases were identified between 1992 and 1993, representing 21% of all nosocomial bloodstream infections. Candida albicans was the most frequent isolate (58%), followed by Candida parapsilosis (27%). A case-control study revealed that there was a statistically significant association between the occurrence of candidemia and placement of a central venous catheter in the femoral vein (P Å .03), the use of a tunneled central venous catheter (P Å .05), and prolonged hyperalimentation (P Å .04). Patients with candidemia also were noted to have candiduria more often than controls (P Å .003) and were more likely to have had topical antifungal agents prescribed (P Å .04). Multivariate analysis showed that hyperalimentation was an independent risk factor for the development of candidemia. We conclude that measures must be taken to reduce these risk factors whenever possible.
Candidemia is an increasingly important nosocomial infecafter at least 72 hours of hospitalization. Blood for cultures was drawn in fungal lysis centrifugation tubes and cultured for tion. From 1980 to 1990, nosocomial fungemia rates in the seven days. Cases were ascertained by reviewing microbiology United States rose almost fourfold, with candidemia accounting laboratory reports and the infection control service's data base. for Ç10% of all hospital-acquired bloodstream infections in Study design. A one-to-one matched case-control study 1990 [1] . Candidemia is a severe infection that is difficult to was performed to identify risk factors for candidemia. For each diagnose and often refractory to therapy. Patients with nosococase, a control was selected and matched for age, ICU, primary mial candidemia are more likely to die during hospitalization diagnosis and/or surgical procedures, and, for premature inthan are patients with bloodstream infections due to nonfungal fants, birth weight. Controls were chosen from among patients pathogens [2] .
hospitalized during the study period who had had no blood We observed an alarming increase in the number of cases cultures positive for Candida species and who had been treated of nosocomial candidemia at the University of Michigan Chilin one of the hospital's three ICUs for at least as long as dren's Hospital (Ann Arbor, MI) from 1989 to 1993. In 1993 the surveillance period for the matched case. The surveillance candidemia represented 24% of all nosocomial bloodstream period for cases was defined as follows: (1) the time from infections. These observations prompted the present study to admission to the ICU to the onset of candidemia or (2) the 30 identify risk factors for candidemia in our pediatric population.
days immediately preceding the onset of candidemia (if the patient had been treated in the ICU for ú30 days before the Patients and Methods development of candidemia). For controls, the surveillance period was defined as starting on the day of admission to the Hospital and case definition. This study was conducted at ICU and ending after the number of days equal to that of the the University of Michigan Mott's Children's Hospital, a 200-surveillance period for the matched case. bed tertiary care facility with a 37-bed neonatal intensive care
Information on 31 potential risk factors for the development unit (NICU), a 16-bed pediatric ICU (PICU), a 12-bed pediatric of candidemia was collected from the patients' charts through cardiothoracic ICU (PCTU), and an active surgical service a retrospective review. The number of days of exposure was whose members perform cardiothoracic, neurological, and vasnoted for the following risk factors: arterial lines, central vecular surgery as well as solid organ transplantation. The study nous catheters, umbilical catheters, or tunneled venous catheperiod extended from January 1992 through December 1993.
ters; total parenteral nutrition; endotracheal intubation; and ste-A case of nosocomial candidemia was defined as a patient who roid therapy. Intravascular lines were further categorized as had at least one blood culture positive for Candida species femoral, subclavian/jugular, or radial, according to the site of insertion. The following data regarding the use of antibiotics were recorded: (1) the number of days of exposure to various classes of antibiotics (b-lactams, cephalosporins, aminoglyco- The nosocomial candidemia rate rose from .12 infections per 1,000 patient-days in 1989 to .276 infections per 1,000 patient-days in 1993. The proportion of all nosocomial bloodstream infections due to fungal pathogens also increased, from vascular surgery, and 21% had undergone other kinds of surgical procedures. The time from admission to the onset of candi-11% in 1989 to 23% in 1993.
During the study period, 26 patients who met the case definidemia ranged from 5 days to 177 days, with a median of 26 days. tion were identified from both infection control surveillance data and a supplementary review of microbiology laboratory
The results of the univariate analysis are presented in tables 2 and 3. Patients with candidemia were more likely than conrecords. Of the 26 cases, two were rejected from the analysis: one patient had been injecting himself with various nonsterile trols to have had a femoral central venous catheter placed (P Å .03) and more likely to have had a tunneled central venous materials through his central venous catheter, and the data were incomplete in the other case and therefore could not be catheter placed (P Å .05).
Patients with candidemia had candiduria more often than analyzed. Thus, 24 cases were studied.
All cases developed candidemia while in one of the hospicontrols. Urine for cultures was obtained from 16 cases and 13 controls. Sixty-nine percent of urine cultures for cases yielded tal's three ICUs. In the PCTU, 40% of all bloodstream infections were caused by Candida species, as compared with 23%
Candida species, compared with only 7% of those for controls (P Å .003). For all but one of the cases, urine cultures were in the PICU and 20% in the NICU.
Candida albicans was the most frequent isolate in the 26 performed at the same time or within 2 days of positive blood cultures. Before the diagnosis of candidemia, 50% of the cases documented cases of candidemia that occurred during the study period, accounting for 16 cases or 62%, followed by Candida had had topical antifungal agents prescribed, compared with 25% of controls (P Å .04). parapsilosis, which accounted for seven cases or 27%. All of the patients from whom C. parapsilosis was isolated were Antibiotics were prescribed for nearly 100% of both cases and controls. However, there was a trend toward the use of a newborns, and five were premature. Candida tropicalis, Candida lusitaniae, and Candida glabrata were each responsible greater number of antibiotics in patients with candidemia. Thirteen cases vs. five controls received four or more different for one case.
Demographic data for cases and controls are presented in classes of antibiotics. This difference in antibiotic use occurred despite the fact that there was no statistically significant differtable 1. The median birth weight for premature infants was 1.1 kg. There was no difference between cases and controls ence in the number of previously documented bacterial infections (7 of 24 cases vs. 9 of 24 controls had had bacterial with respect to surgical procedures: 42% had undergone cardio-/ 9c48$$mr27 02-05-98 22:20:47 cida UC: CID candidemia [1, 3, 5] . All seven patients with C. parapsilosis factor to suggest an outbreak in the present study [6] . solutions, its association with hyperalimentation, and the freCandiduria † 11 (69) 1 (7) .001 ‡ quency with which it colonizes the skin may make it an important pathogen in children [7] .
The possibility of nosocomial transmission between patients † Urine cultures were performed for 16 cases and for 13 controls.
at high risk cannot be entirely ruled out because molecular ‡ Fisher's exact test.
infections; P Å .56). Analysis of the use of individual classes The use of total parenteral nutrition was significantly associ- This case-control study was unique because we examined typing was not performed. However, the nosocomial transmisdiduria appeared to be an early indicator or predictor of invasive fungal disease [12] . Our finding suggests that children at sion of a single strain from patient to patient seems unlikely high risk with candiduria may be at significant risk for candidegiven the lack of geographic or temporal association between mia and/or that candiduria may be a sentinel finding in this cases. For example, in the PCTU, where the incidence of nosopopulation. comial candidemia rose most dramatically, there were five In summary, we identified several risk factors for nosocomial cases of bloodstream infection due to C. albicans and one case candidemia in a high-risk pediatric population. These risk faceach due to C. parapsilosis, C. tropicalis, and C. lusitaniae.
tors included the use of hyperalimentation, the placement of a The patients infected with C. albicans were not in the PCTU central venous catheter in the femoral vein, and the presence at the same time, and the episodes of candidemia were sepaof candiduria. In addition, there was a trend toward increased rated by a median of 2.9 months.
use of antibiotics, especially vancomycin, in patients with canSeveral risk factors for candidemia were identified in the didemia. Given the increasing incidence of candidal bloodunivariate analysis. The placement of a central venous catheter stream infections and the high associated morbidity and mortalin the femoral vein was significantly associated with candideity, measures must be taken to reduce the number of risk factors mia, which may reflect the observation that the groin is more whenever possible. readily contaminated with flora from the urinary tract, skin, and feces. We found that candidemic patients were more likely to have candiduria. In addition, topical antifungal agents were
